Abstract. This investigation examines the mineral content of cereal grain yields and the effect of NPK-fertilixation on this content. The NPK-fertilization and the increased yield level thus obtained have not essentially affected the mineral contents of cereal grain. Among different kinds of cereals the mineral content of oats is in most cases the highest and that of rye and winter wheat the lowest. None of the different kinds of fertilizers gave clear differences in the mineral content of barley grain.
Introduction
Several factors influence the quality of foodstuffs and feed. Cultivation techniques and soil factors are known to be important. The effect of fertilization on grain yield and on certain quality factors, such as protein and some minerals, has been known for a long time (Sauchelli 1969 , Gaugh 1972 . When minerals are added to soil, the content of these substances in plants has also increased. Most of these investigations give data on other plants than cereals, however, or on other parts of a plant than seed (e.g. Keränen ant Tainio 1969 , Burridge 1972 .
The effect of fertilization on the mineral content of fruit and seed has been shown to be quite small in certain connections, whereas the effect has been stronger on the composition of leaves and other parts of a plant (Arnon 1966 , Gauch 1972 . Cereals as our basic foodstuffs are an important source of trace elements (Koivistoinen 1971 and . The purpose of this investigation was to investigate the amounts of some minerals in the grain of cereals and the effect of NPK-fertilization on their content.
Materials and methods
A total of 160 cereal samples were determined for their contents of ash, N, K, P, Ca, Mg, S, Si, Fe, Mn, Cu, Zn, Al, Ni, Cr and most of the samples also for Sr and B. Five kinds of cereals were represented in this investigation. Analyses of the cereal samples were done in the following way: the grain samples were first ground in a Sako-mill (made by Falling Number Ab in Sweden). The meals were dried at 100°C over night and the actual analysis results were reported as dry weights. These samples were analyzed for phosphorus by the ammonium molybdate method, for nitrogen by the Kjeldahl method, for sulphur gravimetrically, for silicon by the silicomolybdate method and for boron by the carmine acid method. A Perkin-Elmer 403 atomabsorptionspectrophotometer was used in the determination of calcium, iron, manganese, zinc, aluminium, strontium, copper, nickel and chromium. For the atomabsorption determinations the samples were kept at 500°C over night after which nitric acid and perchloric acid were used to dissolve the samples. The analyzing was performed at the Oulu laboratory of Kemira Oy under the guidance of Messrs. Esko Saari and Arvo Paaso.
Results and discussion Table 1 reports the average mineral content values of all the analyses on different kinds of cereals, their range of variation, the lowest and the highest values measured, the ash percentage and the yield. Among different kinds of cereals the contents of most minerals in oats (37 analyses) are in most cases the highest and those of rye (9 analyses) and winter wheat (5 analyses) the lowest. Especially should be noted the high contents of silicon, strontium, chromium and nickel in oats as compared to other cereals. This difference may be due to the large husk content of oats. Spring wheat (58 analyses) had on an average the highest Mg-content and the lowest Sr-value. Barley contained plenty of iron and copper but less manganese than the other cereals.
Cereals grown in sandy soil were low in copper, and barley had also lower manganese and zinc values in sandy soil than in other kinds of soils. The iron, aluminium and copper contents of barley grown in peat soil proved to be especially high. A v e r a g e as h p e r c e n t a g e s , m i n e r a l c o n t e n t s , r a n g e s phosphorus, sulphur, magnesium, copper, manganese, zinc and iron contents do not become lower with an increase in the yield from 2190 kg to 4430 kg per hectare, due to NPK-fertilization. In the same way the concentration of minerals in barley, excluding zinc, has remained on almost the same level irrespective of NPK-fertilization (Fig. 2) . Yields of barley grown in peat soil remained very low (2000 kg/ha) irrespective of fertilization (Fig. 3) . With the exception of manganese and iron, the level of other minerals in barley remained unchanged regardless of the level of fertilization. The composition of the fertilizers did not appear to influence the mineral content of barley either (Fig. 4 and 5) .
Observing the results attention is mainly drawn to the content level of the minerals and to its variations. Comparison with the investigation of Lakanen (1969) concerning Finnish spring wheat and rye shows that the contents of most minerals are exactly on the same level. The greatest exeptions are to be found in the contents of strontium and nickel. Only half as much Sr was present in this investigation and the amount of Ni was clearly larger than that stated by Takanen. The contents of Fe, Cu, Mn, Zn and Mg presented by Koivistoinen (1971) are within the variation limits (Table 1) of this investigation. When compared to the Swedish cereals the contents of most minerals are on the same level or higher than those noted by Svanberg (1971) .
Variations in the mineral contents among small grains depend greatly on the soil. NPK-fertilization or the increased yield thus obtained has not essentially affected the contents of minerals, at least not by reducing them.
Since an increase in yield has not reduced the contents of minerals in cereal grain, it seems clear that a high yield consumes a lot of trace elements. Seen against this background it is understandable that the yield level can have a marked effect on the rapidity of exhaustion of the soil's trace element sources necessitating compensating fertilization increases. 
